Introduction
Perhaps because of its innate, precarious blood supply, clinical experience has shown that the anterior visual pathways are especially sensitive to high doses of ionizing radiation. As a result, the risk of radiation injury to the optic nerves has engendered considerable angst in the setting of stereotactic radiosurgery (SRS). The general consensus has been that the likelihood of complications involving the optic nerves increases significantly at doses greater than 12 Gy [1] . However, this rule of thumb ignores the near-universal concept within radiosurgery of the "volume effect." The current case demonstrates the importance of considering not just dose, but also volume, when assessing the risk of radiation-induced optic neuropathy. To the best of our knowledge, this case report documents the highest dose of ionizing radiation given to any portion of the anterior visual pathway without apparent injury.
Case Presentation
Upon experiencing a painless loss of vision in her right eye (OD), a 27-year-old female underwent formal ophthalmologic evaluation, which revealed normal visual acuity in the left eye but light perception only visual acuity in the right eye as well as a right relative afferent pupillary defect and severe right optic atrophy. Computed tomography (CT) of the head with contrast revealed a small, enhancing mass at the orbital apex. Following biopsy and subtotal resection via a right frontal craniotomy, a diagnosis of optic nerve sheath Grade I meningioma (ONSM) was arrived at. Because the vision loss and optic atrophy in the OD was already severe, the goal of therapy was focused on preventing tumor progression, rather than visual recovery, especially with respect to intracranial extension.
After reviewing treatment options, the patient was offered and consented to undergo SRS tumor ablation. The radiosurgical procedure was performed in 1991 with a stereotactic frame-based localization using CT-guidance and a 4 megavolt Varian linear accelerator, the technique for which has been previously reported [2] . Utilizing what was, at the time, a state-of-the-art treatment planning display for radiosurgery, Figure 1 depicts the calculated dosimetry for this case. Of significance, the tumor diameter was measured to be 6.7 mm, and a 7.5 mm diameter, round collimator was used for the treatment. The planned dose was 2500 cGy, defined at the 80th percentile isodose, with a calculated intratumoral Dmax of 3125 cGy. Following radiosurgical ablation, the patient was followed regularly through ophthalmologic evaluations and contrast magnetic resonance imaging (MRI) of the orbits; the initial evaluations were done at six-month intervals and then gradually on an annual basis. Within a month of radiosurgery, the patient regained the ability to read large type in her OD, and in the successive years to follow, her vision subjectively improved. Although the earliest MRIs through the orbits have been destroyed, a contrast scan obtained 10 years after treatment was reported by a skilled neuroradiologist, who had access to the patient's older MRI of the orbits, as demonstrating "a stable, enhancing mass located in the right orbital apex". Figures 2A and 2B demonstrate two axial images from this scan, both with and without contrast, respectively. Figure 2A shows a T1-weighted, non-contrast, axial image through the right orbital apex showing a lesion which is isodense to the gray matter and measuring 5.12 mm in diameter. Figure 2B demonstrates a fat-suppressed, gadolinium-enhanced T1-weighted image through the same area. There is enhancement at the orbital apex consistent with the characteristic radiographic finding of an optic nerve sheath meningioma.
After being lost to follow-up for more than a decade, the patient underwent a formal ophthalmologic assessment and an MRI of the orbits 23 years after her initial pre-radiosurgery evaluation. Her best visual acuity in the right eye was 20/30, which was significantly improved compared with her prior light perception acuity before her radiosurgery. Her visual field study using static, automated perimetry (Humphrey visual field study, SITA-Standard) revealed relative sparing of the superior nasal better than temporal field in the right eye ( Figure 3) . A MRI of her orbits shows a stable enhancing lesion along the posterior optic nerve at the right orbital apex (Figure 4 ). Twenty-three years post-radiosurgery, a static, automated perimetry using a Humphrey visual field 24-2 study revealed a persistent, dense visual field loss with relative sparing of the superior nasal quadrant. Fig. 3A represents the numeric dB graph and Fig. 3B , the gray-scale representation of Fig. 3A . The right eye (OD) foveal sensitivity was 26 decibels (dB) and the Median Deviation (MD) was -22.94 dB. The OD visual acuity was 20/30, after originally being light perception. 
Discussion
Here, we describe the long-term follow-up of a patient who underwent high-dose SRS to a biopsy-confirmed residual ONSM. In the current modern era of meningioma radiosurgery, one would never use a dose anywhere near that used in the present case. However, a generation ago, the optimal dose for meningioma had yet to be defined, and a 20 Gy dose for lesions distant from the anterior visual pathways would have been considered unremarkable.
The exact dose delivered to the optic nerve in this case is hard to know, although the planned dose to the ONSM was 2500 cGy, as defined at the 80th percentile isodose, with an apparently intratumoral Dmax of 3125 cGy. Ideally, it might be possible to create a dose-volume histogram for the adjacent optic nerve, but that is not possible here with such small anatomic structures and the challenge of even visualizing the optic nerve within the orbital apex. However, given that nerve sheath meningiomas arise from the intraorbital meningoepithelium, i.e. the arachnoid cap cells located in an area between the arachnoid and the optic nerve's dural sheath which immediately abuts the optic nerve, a portion of the optic nerve must by definition have received close to the prescribed dose of 25 Gy. Admittedly, the volume and length of nerve treated by this high dose of ionizing radiation was likely very small. Nevertheless, this very observation is itself consistent with the dose-volume effect, which is the empirically derived phenomenon that there exists a direct correlation between the amount (volume) of normal brain irradiated and the likelihood of radiation injury to that region of brain. In other words, when considering the risk factors underlying radiation injury, volume is a variable that is independent of radiation dose [3] . Of note, there is a least one other case report describing a patient with an ONSM treated with radiosurgery who experienced improved vision over eight years before losing all vision in the affected eye [4] .
With specific respect to this case report, the smaller the volume of tissue, or perhaps alternatively here, the length of cranial nerve, the higher the dose tolerance of the irradiated structure. A related phenomenon has been reported in patients undergoing hypofractionated SRS for peri-optic lesions [5] . Regardless, to the best of our knowledge, this case report documents the highest dose of ionizing radiation given to any portion of the anterior visual pathway without apparent injury.
Are there alternative explanations to the witnessed results being described in this report? Although implausible, there is always the possibility that radiosurgery was inaccurately administered, and that this meningioma merely underwent a spontaneous involution. However, the timing of the patient's symptomatically improved vision correlates reasonably well with the known time frame for radiation; the patient's current 20/30 visual acuity in the OD is more than notable. Meanwhile, despite the good result after 23 years, it cannot be dismissed, out of hand, that this patient might not suffer ipsilateral visual compromise in the decades to come. However, ultimately, it is hard to escape the conclusion that in this single patient a portion of the affected optic nerve was heavily irradiated without any apparent deleterious effects over more than two decades of follow-up.
Conclusions
Although further research is clearly needed to better understand the limits of the dose-volume effect as it pertains to the anterior visual pathways, this individual patient experience emphasizes the role volume can possibly play in mediating the risk of visual injury in some patients undergoing radiosurgical ablation. By virtue of such, this observation could have potential utility in refining the radiosurgical approach among carefully selected patients.
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